Objective: To study the possibility of improving blood lipids, glucose tolerance and insulin sensitivity in women with impaired glucose tolerance and a history of gestational diabetes by merely changing the glycaemic index (GI) and dietary fibre (DF) content of their bread. Design: Randomized crossover study where test subjects were given either low GI/high DF or high GI/low DF bread products during two consecutive 3-week periods, separated by a 3-week washout period. An intravenous glucose tolerance test followed by a euglycaemic-hyperinsulinaemic clamp was performed on days 1 and 21 in both the high-and low-GI periods, to assess insulin secretion and insulin sensitivity. Blood samples were also collected on days 1 and 21 for analysis of fasting levels of glucose, insulin, HDL-cholesterol and triacylglycerols (TG). Setting: Lund University, Sweden. Subjects: Seven women with impaired glucose tolerance. Results: The study shows that a modest dietary modification, confined to a lowering of the GI character and increasing cereal DF of the bread products, improved insulin economy as judged from the fact that all women lowered their insulin responses to the intravenous glucose challenge on average by 35% (0-60 min), in the absence of effect on glycaemia. No changes were found in fasting levels of glucose, insulin, HDL-cholesterol or TG. Conclusion: It is concluded that a combination of low GI and a high content of cereal DF has a beneficial effect on insulin economy in women at risk of developing type II diabetes. This is in accordance with epidemiological data, suggesting that a low dietary GI and/or increased intake of whole grain prevent against development of type II diabetes. Keywords: glycaemic index; impaired glucose tolerance; euglycaemic-hyperinsulinaemic clamp; gestational diabetes; insulin resistance; dietary fibre Correspondence: Dr EM Ö stman, Applied Nutrition and Food Chemistry, Department of Food Technology, Engineering and Nutrition, Center for Chemistry and Chemical Engineering, Lund University, PO Box 124, SE-221 00 Lund, Sweden. E-mail: elin.ostman@inl.lth.seGuarantor: IME Björck. Contributors: IMEB, AHF and LCG were responsible for designing the intervention. EMÖ and IMEB were responsible for the development of the low-GI bread products and for determining the GI and II characteristics including the analysis of nutrient composition. AHF was responsible for recruiting the subjects and for performing the IVGTT and euglycaemic-hyperinsulinaemic clamps, including also the blood analyses. IMEB and EMÖ were responsible for the contact with the subjects and management of the diets during the study. IMEB collected the data and AHF and EMÖ evaluated the statistics. IMEB, AHF, LCG and EMÖ took part in the interpretation of the data. EMÖ was responsible for writing and submitting the manuscript. None of the authors had personal or financial conflicts of interest.
Introduction
It is well known that low glycaemic index (GI) starchy foods may reduce the insulin demand . There is also evidence from studies in healthy subjects that a low-GI breakfast meal may have beneficial metabolic effects extending beyond the postprandial phase, a so-called second-meal effect (Liljeberg et al., 1999; Liljeberg and Björck, 2000) . The cause of such a second-meal effect is probably that a prolonged absorptive phase following breakfast will favour a more efficient suppression of free fatty acids (FFAs), thus improving insulin sensitivity at the time of the next meal (Wolever et al., 1995) , and this mechanism has been implicated as partly responsible for the long-term benefits of low-GI foods. In a second-meal study performed over night, lowering GI per se was not sufficient to improve glucose tolerance the following morning, whereas combining a low-GI with a high content of indigestible carbohydrates improved the glucose tolerance at breakfast (Granfeldt et al., 2005) . A possible mechanism for this overnight effect could be that the low-GI/high-fibre meal promotes a higher fermentative activity in the colon, which may act to suppress the FFA level, and hence improve glucose tolerance at the time of the breakfast meal. These second-meal effects may provide a mechanism whereby low-GI diets (Jenkins et al., 1987a; Frost et al., 1999; Järvi et al., 1999) and whole-grain diets (McKeown et al., 2002; Pereira et al., 2002; Liu et al., 2003) influences beneficially metabolic risk factors.
Today, there is an important body of evidence to support a therapeutic potential of low-GI diets. In diabetic patients, several long-term studies have indicated improved blood glucose control as manifested by lowered daylong glycaemia, lowered HbA1c and improved glucose tolerance (BrandMiller et al., 2003) . In two recent dietary interventions, it was found that low-GI foods lowered HbA1c and the incidence of hypoglycaemic episodes in juvenile (Gilbertson et al., 2001) and maturity-onset diabetes (Giacco et al., 2000) . Other metabolic benefits include lowered daylong plasma insulin excursions, and improvements in insulin sensitivity (Järvi et al., 1999) . A low-GI diet also appears to be useful adjunct to the management of hyperlipidaemia, as judged from lowered cholesterol and triacylglycerol (TG) levels (Jenkins et al., 1985 (Jenkins et al., , 1987b . In addition to improvements in glucose and lipid metabolism, there are also indications of improvements in fibrinolytic activity. A low-GI diet was thus found to dramatically lower and even normalize PAI-1 levels in subjects with type II diabetes (Järvi et al., 1999) . The GI character of the diet has also been implicated in relation to feto-placental growth and neural tube defects. Consequently, the risk for neural tube defects increased four-fold at higher dietary GI among obese nondiabetic women (Shaw et al., 2003) . Furthermore, a high-GI diet was associated with larger placental size, increased birth weight and increased maternal weight gain (Clapp, 1997) . Recent epidemiological data also suggest a protective role of a low-GI diet in relation to development of chronic diseases such as type II diabetes and cardiovascular disease (CVD) (Salmeró n et al., 1997a, b; Liu et al., 2000b) . Epidemiological data are at hand indicating that a higher intake of whole grain is associated with improved insulin sensitivity in adults (Liese et al., 2003) and adolescents (Steffen et al., 2003) , and reduced risk of CVD and type II diabetes (Liu et al., 2000a; McKeown et al., 2002) . In the data by Salmeró n et al. (1997a, b) , the risk for developing type II diabetes was negatively correlated with dietary glycaemic load and positively correlated with cereal fibre intake, with synergistic effects occurring with both these dietary characteristics. The benefits of whole grain may relate to the presence of certain bioactive compounds (e.g. tocols, choline, lignans, phenolic acids), or to the fact that viscous cereal fibre may reduce postprandial glycaemic and insulinaemic excursions (Slavin et al., 2001) . Whole grain cereal products with low-GI characteristics might thus be particularly advantageous with respect to the insulin resistance syndrome (IRS).
The prevalence of type II diabetes is increasing dramatically all over the world. Individuals suffering from gestational diabetes have been found to be at high risk of developing this disease early in life. Consequently, in a Swedish study, it was reported that already 1 year after delivery, 9% of the women were diagnosed with type II diabetes and 22% with impaired glucose tolerance (IGT) (Å berg et al., 2002) . Many serious medical complications are associated with diabetes, and in the well-known UKPDS study (Davis et al., 1999) , it was found that 20% of the men who were diagnosed with diabetes at the mean age of 53 years had suffered from myocardial infarction or stroke 9 years later.
Bread is an important staple food in many Western diets, particularly in northern Europe. The aim of the present study was to evaluate whether an exchange of common high-GI/ low dietary fibre (DF) bread for tailored low-GI/high-DF bread products, as the only dietary modification, could improve metabolic parameters in women with IGT and a history of gestational diabetes. As high GI characterizes most commercial bread products, two low-GI breads rich in DF were developed with similar and low GI, but of different type with respect to appearance. The high-or low-GI periods lasted for 3 weeks, using a crossover design with a 3-week washout period. Fasting blood glucose, insulin and serum lipids were measured prior to and after each test period. In addition, an intravenous glucose tolerance test (IVGTT) followed by a euglycaemic-hyperinsulinaemic clamp was performed to assess potential effects of the two dietary regimens on insulin requirement and insulin resistance.
Materials and methods

Characteristics of bread products
In the control diet, two commercial bread products with estimated GIs of approximately 100 were selected from the market. Both bread products were low in DF (Table 1) . Based on knowledge from previous studies showing that food factors like botanical structure, viscous DF and organic acids are of importance for the GI of bread (Liljeberg et al., 1992 (Liljeberg et al., , 1995 (Liljeberg et al., , 1996 , two low-GI bread products were developed: one light and one dark. Both bread products were baked from a commercial blend containing a mixture of white wheat flour and DF-rich ingredients ('Fin form', Nord Mills AB, Malmö, Sweden). The DF-rich ingredients were the following: linseed, beet fibre, soybean pieces, maize fibre, pea fibre and sunflower seeds. The light bread was in addition enriched with an oat bran concentrate (17% b-glucans; Swedish Oat Fiber, Väröbacka, Sweden) and added a low amount of steamed rye kernels, whereas the dark bread was added a high amount of steamed rye kernels.
Recipes
Light bread. The breads were baked from 3900 g water, 3900 g Fin form commercial blend, 1050 g steamed rye kernels, 900 g sourdough (made from 60% water and 40% rye flour), 750 g oat bran concentrate (17% b-glucans), 240 g bakers yeast, 150 g yellow syrup, 105 g wheat gluten and 50 g NaCl. The dough was divided into 23 pieces of 475 g. Baking was performed at 2101C for 30 min in a convection oven with the addition of steam during the first 25 s.
Dark bread: The breads were baked from 3000 g water, 2450 g Fin form commercial blend, 2100 g steamed rye kernels, 1750 g sourdough, 350 g scalded rye flour, 350 g dark syrup, 300 g wheat gluten, 175 g bakers yeast and 53 g NaCl. The dough was divided into 16 pieces of 650 g. Baking was performed at 2001C for 40 min in a convection oven with the addition of steam during the first 25 s.
Chemical analysis. A portion of each bread was dried and milled (Cyclotec, Tecator, Sweden) prior to analysis. The bread products were analysed for starch (Holm et al., 1986) , protein (Kjeldahl) and fat (Lange, 1972) . Insoluble and soluble DF was determined by a gravimetric method according to Asp et al. (1983) . The in vitro method described by Å kerberg et al. (1998) was used to predict the content of resistant starch (RS) in the products. This method is able to measure the major forms of RS in foods, including physically encapsulated starch. The gross nutrient composition, including RS and DF content, is presented in Table 1 .
Determination of GI and insulinaemic index of tailored bread. Nine healthy volunteers aged 22-51 years, with normal BMI (21.071.2 kg/m 2 ) and without drug therapy, participated in the study. The light and dark bread products were provided as portions of 50 g available starch and served with variable amounts of butter and cheese to balance the fat and protein contents. To allow determination of GI and insulinaemic index (II), white wheat reference bread was also included. Each of the three meals was served with 250 ml water and 150 ml coffee/tea. The subjects were given the meals as a breakfast in random order after an overnight fast.
The tests were performed approximately 1 week apart and commenced at the same time in the morning. Finger-prick capillary blood samples were taken prior to the meal (0) and at 15, 30, 45, 70, 95, 120 and 180 min after the meal for analysis of glucose, and after 15, 30, 45, 95 and 120 min for analysis of insulin. Blood glucose concentration was determined with a glucose oxidase peroxidase reagent and serum insulin level with an enzyme immunoassay kit (Boehringer Mannheim, GmbH, Mannheim, Germany). The 95 min incremental postprandial blood glucose and insulin areas under the curves (AUC) were calculated (GraphPad Prism s , version 2.0; Graph Pad Software, San Diego, CA, USA). Further, the GI and II were calculated from the AUCs, using white bread as reference (GI ¼ 100 and II ¼ 100).
Dietary intervention
Subjects. Seven women of mean age 32 years (range 27-41 years) participated in the study. The mean body weight was 74710.5 kg, with a BMI of 28.374.9 kg/m 2 . All women had earlier been diagnosed with gestational diabetes during pregnancy 1-3 years prior to this study. The diagnosis of gestational diabetes was based on a 75 g oral glucose tolerance test (OGTT) in the 28th week of gestation (2-h postprandial blood glucose level 49 mmol/l). Moreover, the participating women were diagnosed with IGT at a follow-up OGTT 12 months postpartum. IGT was defined according to the WHO criteria, that is, 2-h postprandial blood glucose levels between 7.8 and 11.0 mmol/l. The OGTT was repeated in case it was performed more than 12 months prior to this study. Subjects with overt diabetes were excluded. The women did not take any medication, and subjects with gluten enteropathy or other gastrointestinal disorders were not included in the study.
Experimental design. In a randomized crossover study, women with IGT were given two types of bread products with either a low or a high GI during two consecutive 3-week periods. The dietary periods were separated by a 3-week washout interval. The subjects were asked to eat two slices of dark bread at breakfast, three slices of light bread at lunch and two dark bread slices as a late evening meal. The subjects were also supplied with butter, cheese and ham, which should be used to the bread in amounts according to written instructions. Apart from the bread meals, they were asked to maintain their habitual diet throughout the study. However, besides the test products, they were not allowed to eat any other type of bread. The subjects were free-living, and they continued their customary life and activities without any change in the degree of physical activity. The Ethic Committee at the Faculty of Medicine at Lund University, Sweden gave approval to the study.
Blood analyses and euglycaemic-hyperinsulinaemic clamp technique. An IVGTT followed by a euglycaemic-hyperinsulinaemic clamp, 'Botnia clamp' (Tripathy et al., 2003) , was performed on days 1 and 21 in both the high-and low-GI periods. The Botnia clamp is designed to assess insulin secretion and insulin sensitivity at the same test occasion. An amount of glucose, 0.3 g/kg body weight, was rapidly infused intravenously (i.v.) as a 200 mg/ml solution at time zero. Blood samples for measurement of glucose and serum insulin were taken at À30, 0, 2, 6, 8, 10, 20, 40, 60, 120 and 180 min. After 60 min, the insulin infusion was started. Insulin Actrapid, 100 IU/ml (Novo Nordisk, Bagsvaerd, Denmark), was added to 100 ml of saline according to the following formula: number of IUs (n) ¼ 18 Â body surface area (m 2 ) calculated from standard nomograms. A priming dose was administered as follows: 0-3 min, 30 ml/h; 3-6 min, 25 ml/h; 6-10 min, 20 ml/h. From 10 to 120 min, the infusion rate was 15 ml/h. A variable infusion of glucose (200 mg/l) was started simultaneously to maintain the blood glucose concentration at 4.5-5.5 mmol/l. Venous blood samples for measurement of glucose were taken at 5 min intervals throughout the clamp. Blood glucose was immediately analysed on a b-glucose analyser (Hemocue AB, Ä ngelholm, Sweden). Insulin sensitivity (Mvalue) was calculated from the glucose infusion rates during the last 60 min of the euglycaemic clamp. Fasting venous blood samples for determination of HDL-cholesterol and TG were taken prior to and at the end of the high-and low-GI periods.
Statistical methods
The results for glucose and insulin responses as well as Mvalues (insulin sensitivity) and levels of HDL-cholesterol and TG are expressed as mean7s.e.m., and the statistical significance of difference was assessed by general linear model (ANOVA), followed by Tukey's multiple comparisons test. Owing to missing values, the insulin data prior to and after the high-GI period are reported for six subjects instead of seven. Furthermore, owing to shortage of blood sample and/or unsuccessful analysis, there are some missing values in the case of HDL-cholesterol and TG measurements, as indicated in the 
Results
GI and II of tailored bread
At 30-95 min after the meal, the tailored light and dark bread products showed significantly lower glucose levels compared with the white wheat bread reference as evaluated in healthy subjects (Figure 1; Po0.05) . Furthermore, the postprandial insulin response at 30-120 min was significantly lower for the dark bread compared with the reference, and at 95 min, the insulin response to the dark bread was also significantly lower than for the light bread (Figure 2 ; Po0.05). At 95 and 120 min, the insulin levels were significantly lower for the light bread compared with the reference bread. The glucose and insulin responses (0-120 min) for the light (GI ¼ 46712; II ¼ 7679) and dark (GI ¼ 5476; II ¼ 5979) bread products, were significantly lower than for the reference product (GI ¼ 100; II ¼ 100). No differences in GI and II were found between the light and the dark bread products.
Dietary intervention in women with IGT
The subjects remained weight stable throughout the study (start 74.0710.5 kg; end 74.2711.2 kg). There were no differences in any metabolic parameter during the high-GI dietary period compared with corresponding data at inclusion, that is, following the habitual diet. However, after a 3-week period on the diet including low-GI bread products, the 0-60 min incremental serum insulin AUC measured after an i.v. glucose challenge was significantly reduced by approximately 35% (Table 2) . When omitting the insulin values determined during the first 10 min, also the 10-30, 10-40 and 10-60 min insulin AUC were significantly lowered. In contrast, the corresponding incremental blood glucose levels Figure 1 Mean blood glucose responses in healthy subjects at a breakfast with carbohydrate equivalent portions of a white wheat reference bread (-'-), a light low-GI bread (-m-) and a dark low-GI bread (-.-). Values are presented as means (n ¼ 9) with bars indicating s.e.m. Significant differences between glucose levels at certain time points are indicated with letters. Glucose levels not sharing the same letter are significantly different (Po0.05).
after the low-GI intervention period were not significantly affected. The M-values derived from the euglycaemichyperinsulinaemic clamp were 5.7670.87 (mg glucose/kg bw min7s.e.m.) and 5.4170.96 prior to and after the high-GI intervention period, respectively, and 5.3570.74 and 5.0270.66 prior to and after the low-GI intervention period, respectively. Thus, no effect on insulin sensitivity determined by clamp technique was observed after the high-GI (P ¼ 0.583) and low-GI (P ¼ 0.393) dietary periods compared with that prior to each diet. The fasting levels of HDLcholesterol and TG (Table 3) were within the normal range and did not change significantly during the high-GI or low-GI periods. There were no differences between fasting glucose or insulin at the beginning and end of each dietary period.
Discussion
Despite modest dietary changes, that is, modulating the GI characteristics and DF content of bread products, the present study shows that it is possible to improve the insulin economy during 3 weeks in relatively young women with IGT. In several studies, an extensive substitution of high-GI foods for low-GI foods has been found to improve the carbohydrate and lipid metabolism (Brand-Miller, 1994; Järvi et al., 1999) . However, the literature regarding metabolic effects of more modest dietary changes is limited. In a study by Golay et al. (1992) , type II diabetic patients were served a breakfast consisting of either low-GI muesli or high-GI cornflakes in a 2-week crossover design while maintaining the rest of the diet unchanged. From this study, it was concluded that during the low-GI breakfast period, both insulin requirement and daylong glucose were lowered. Moreover, in the work reported by Pick et al. (1996) , the long-term efficacy of incorporating oat bran-enriched bread Figure 2 Mean serum insulin responses in healthy subjects at a breakfast with carbohydrate equivalent portions of a white wheat reference bread (-'-), a light low-GI bread (-m-) and a dark low-GI bread (-.-). Values are presented as means (n ¼ 9) with bars indicating s.e.m. Significant differences between insulin levels at certain time points are indicated with letters. Insulin levels not sharing the same letter are significantly different (Po0.05). Values are means7s.e.m. No statistical differences were found for any parameter between the intervention periods.
Low-GI/high-fibre bread improved insulin economy EM Östman et al products in the daily diet of subjects with type II diabetes was studied. The metabolic effects of eight daily servings of oat bran-enriched products (bread, buns and muffins) versus white bread were evaluated in a 12-week crossover study. The results from this study show that blood levels of glucose, insulin, total plasma cholesterol and LDL-cholesterol were significantly reduced during the oat bran period, suggesting favourable effects of a viscous b-glucan-rich DF fraction in type II diabetics (Pick et al., 1996) . In the present study, women with IGT and a previous history of gestational diabetes were included. Those women have revealed a genetic disposition to develop type II diabetes early in life. Based on knowledge regarding the epidemic increase in type II diabetes and the serious medical complications associated with diabetes, it seems highly relevant to exploit the possible preventive effect of dietary management. In a Finish diabetes prevention study, 522 individuals with IGT were included (Tuomilehto et al., 2001) . In the intervention group, the following aims should be fulfilled: 5% weight reduction, 30 min daily physical activity, reduction of the dietary fat intake to 30% of the total energy and increased DF intake, with emphasis on high-fibre grain products. The subjects in the intervention group received diet consultations and individual training programs. In the control group, everyone got basal information concerning diet and physical activity. After 6 years of intervention, it was concluded that 20% in the intervention group and 40% in the control group were diagnosed with diabetes, suggesting a preventive effect of dietary management and exercise (Tuomilehto et al., 2001) . In a similar American diabetes prevention study, more than 3000 individuals with IGT were included (Diabetes-Prevention-Program-Research-Group, 2002) . The subjects were divided into three groups. The first group received individual consultation regarding diet and physical activity aiming to reduce the weight by 7%. The second group got medication and the third was a placebo group. After 1.8-4.6 years (median value 2.8 years), 29% of the individuals in the placebo group were diagnosed with diabetes, whereas 22 and 14% were found in the medication and diet/exercise group, respectively. From this study, it was concluded that lifestyle changes were the most effective way to prevent diabetes in young individuals.
The present study shows that even a modest dietary modification, that is, modification of the GI character and DF content of the bread, significantly improved insulin economy, as judged from the fact that all women lowered their insulin responses to the i.v. glucose challenge at the same level of glycaemia. If this were due to increased insulin sensitivity, one would also expect this to be evident in the subsequent euglycaemic clamp. It can be speculated that the lack of effect on insulin sensitivity as measured using the euglycaemic-hyperinsulinaemic clamp might be explained by the fact that the i.v. glucose load was given prior to the clamp and thus might possibly have affected insulin sensitivity. This issue has been addressed by Tripathy et al. (2003) , who did not find a statistically significant difference in insulin sensitivity with or without a prior i.v. glucose challenge, although there was a tendency towards lower insulin sensitivity during the Botnia clamp (including a prior i.v. glucose challenge) compared to a normal euglycaemic clamp. Already in the 1920s, Staub (1921) and Traugott (1922) independently demonstrated that one glucose load improves the tolerance to the next. Furthermore, it is known that foods that induce elevated glycaemic response may impair glucose tolerance at a 'second meal' ingested 4 h later (Liljeberg et al., 1999) . In second-meal studies, we have thus shown that several types of low-GI foods served as breakfast meals have the ability to lower the glucose tolerance after a subsequent lunch. Examples of such low-GI food products are barley bread baked with lactic acid (Ö stman et al., 2002) , barley bread served in a meal with barley flakes and pasta (Liljeberg et al., 1999) . The suggested mechanism for the second-meal effect is that a prolonged absorptive phase following breakfast will favour a more efficient suppression of FFAs, thus improving insulin sensitivity at the time of the next meal (Wolever et al., 1995) . The present technique with IVGTT followed by a euglycaemic-hyperinsulinaemic clamp, the Botnia clamp, was originally developed for screening of insulin secretion and insulin sensitivity in large populations and seems to be a very good tool for simultaneous assessment of insulin sensitivity and b-cell function. In such populations, b-cell function, as reflected by insulin release in the i.v. glucose challenge, is parallel to insulin sensitivity, that is, insulin resistance is associated with some degree of b-cell dysfunction. It has not been tested in situations when changes in insulin sensitivity occur owing to some form of intervention as in the present study. It may be speculated that total glucose disposal is affected in a way independent of insulin sensitivity. Consequently, it cannot be excluded that an i.v. glucose infusion may deteriorate insulin sensitivity as measured in a subsequent hyperinsulinaemiceuglycaemic clamp, and it remains to be shown whether separate measurement of insulin secretion and insulin sensitivity may be preferable in relation to evaluation of dietary interventions.
Evidently, the insulin economy was improved in this group of women as a result of exchanging common high-GI/ low-DF bread for low-GI/high-DF bread. Thus, in all seven women, insulin responses were reduced following IVGTT and the mean decrease was substantial, or 35%. These results are very encouraging although it remains to be shown if the inclusion of low-GI/high-DF bread, as the only dietary modification, may actually postpone the onset of diabetes. Accumulating data support a therapeutic potential of low-GI diets in diabetes and hyperlipidaemia (Brand-Miller, 1994; Brand-Miller et al., 2003) as well as a preventive potential against development of diabetes and CVD (Salmeró n et al., 1997a, b; Frost et al., 1999) . In addition, whole grain cereal products also appear to have metabolic merits adjunct to the IRS (Hodge et al., 2004; McKeown et al., 2004) . In this connection, it is noteworthy that there is a shortage of commercial low-GI products on the market and that, in addition, most cereal foods are of low-DF character. The shortage of low-GI products limits possibilities to significantly lower dietary GI, and exploitation of the therapeutic and preventive potential of a low-GI diet will require an extended list of low-GI products on the market. In particular, there is a need to develop low-GI bread products rich in DF. Thus, observational data by Hodge et al. (2004) indicate that a high dietary GI and a high intake of white bread were associated with increased risk of type II diabetes.
In the present study, two types of low-GI/high-DF bread products were developed. The bread products were very well accepted by the subjects. The slow-release features of these products utilized different food factors to reduce the small intestinal starch uptake, such as enclosing part of the starch within botanical tissue structures of the cereal kernel Björck, 1992, 1994) , enrichment with viscous DF (Liljeberg et al., 1996) and generation of organic acids through sourdough fermentation (Liljeberg et al., 1995) . By combining several food factors rather than relying on one single factor, it was possible to obtain palatable bread products, still resulting in a considerable lowering of GI (46 or 54) and II (76 or 59). The development of low-GI products is in accordance with dietary recommendations from FAO/WHO (1998), where an increased intake of low-GI foods is advocated.
It is concluded that the mere exchange of common high-GI/low-DF bread for tailored low-GI/high-DF bread as the only dietary modification improved insulin economy in seven out of seven women with IGT, suggesting metabolic benefits of importance in relation to the IRS.
